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doi:10.1016/j.fjs.2011.10.001Summary Background: In order to facilitate measurement and reduce radiation exposure,
we developed a simple method to replace the Haller method for evaluating the severity of pec-
tus excavatum (PE).
Methods: We retrospectively reviewed medical records of patients diagnosed with PE (ICD9
code 754.81) from April 2005 to November 2010 at Tri-service General Hospital, Taipei, Taiwan.
The patients were divided into two groups: an adult group (>20 years old) and a pediatric
group (20 years old). The sternum index (SI) was calculated according to the anterioposterior
diameter of the chest cavity, from the sternum to the spine, divided by the patient’s height
(SIZ anterioposterior diameter of the chest cavity/the patient’s height  100). We compared
these values with the Haller index (HIZ the transverse diameter of the chest cavity/the ante-
rioposterior diameter) using coefficients of variation, Pearson’s correlation, and multiple
linear regression analyses.
Results: A total of 109 patients (97 males and 12 females) who underwent the Nuss procedure
for correction of PE were included in the study. Both groups showed a smaller coefficient of
variation for the preoperative SI than that of the HI, Pearson’s correlation showed a good rela-
tionship between the HI and the preoperative SI, and multiple linear regression analyses
revealed that the preoperative SI was a good predictor of the HI.Pediatric Surgery, Department of Surgery, Tri-Service General Hospital, National Defense Medical
-Kung Road, Neihu 114, Taipei, Taiwan.
hoo.com.tw (C.-C. Chu).
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182 W.-T. Liu et al.Table 1 Patient characteristics
Variables
Age
Height (cm)
Sex (M:F)
HI
Preoperative SI
Postoperative SI
The patients from Group 2 were sign
including the HI, preoperative SI, a
index; SI Z sternum index.Conclusion: The preoperative SI could serve as an alternative to the HI for evaluating the
severity of PE, as well as the efficacy of surgery, without exposure of the patient to excessive
radiation.
Copyright ª 2011, Taiwan Surgical Association. Published by Elsevier Taiwan LLC. All rights
reserved.1. Introduction
Pectus excavatum (PE) is one of the most common major
anomalies of the chest contour.1 Several scales are avail-
able for identifying the degree of the deformity of (PE)d
the most commonly used is that advocated by Haller et al.2
However, the Haller index (HI) is calculated by computed
tomography (CT), which is associated with large doses of
radiation exposure. Children are considered much more
radiosensitive than adults. Overdosage and early exposure
to radiation, even with a single, computerized axial scan of
the chest, is considered to increase the possibility of
malignancy, especially in children.3 Therefore, an alterna-
tive method for evaluating the severity of PE which is safe
and fast, and lowers the radiation exposure, as compared
with the Haller method, is required.
In this article, we have described an alternative method
called the sternum index (SI) for evaluating the degree of
PE; moreover, we have compared this SI with the HI using
coefficients of variation and Pearson’s correlation for
evaluation of the relationship between the two indices.
Multiple linear regression analyses were also performed and
we further compared the pre- and postoperative SI values.
We hypothesized that a high degree of similarity between
the SI and HI could avoid the need for a preoperative chest
CT scan, thereby avoiding excessive radiation exposure.2. Methods
We retrospectively reviewed patient records with the
diagnosis of PE (ICD9, code 754.81) from April 2005 to
November 2010 in the Pediatric Surgery and Chest Surgery
divisions at the Tri-service General Hospital, Taipei,Group 1
Age  20 y
n Z 45
14.67  4.31
(age range Z 5e19)
162.20  18.70
38 (84%):7 (16%)
4.62  1.37
3.39  0.82
5.04  0.90
ificantly taller than those in Grou
nd postoperative SI valuesdshowTaiwan. Patient data were delinked and patient privacy was
well protected. Approval was obtained from the local Ethics
Committee.
In this study, we enrolled 109 patients with PE who
underwent the Nuss procedure. These patients were
divided into two groups based on a cut-off age of 20 years.
The patient’s height was presumed to remain almost
constant after the age of 20 years, thus the SI value in our
assumption would remain mostly constant.
The SI was calculated according to the anterioposterior
diameter of the chest cavity, from the sternum to the spine,
divided by the patient’s height (SI Z anterioposterior
diameter of the chest cavity/the patient’s height  100),
and the HI was calculated according to the transverse
diameter of the chest divided by the anterioposterior
diameter (HIZ the transverse diameter of the chest cavity/
the anterioposterior diameter).
When calculating the SI, the anterioposterior diameter
was measured at the level of the most pronounced sternal
depression based on a single lateral view of the chest X-ray.
The patient’s height was measured using a digital height
scale. When calculating HI, the transverse and ante-
rioposterior diameters were measured at the level of the
most pronounced sternal depression on the chest CT scan.
Data collected included: demographic characteristics;
coefficients of variation of the HI and SI; Pearson’s corre-
lation between the HI and SI; multiple linear regression
analysis; and a comparison of pre- and postoperative SI
values.
3. Results
Among the 109 patients (Table 1), 97 were males (88.9%;
mean age at time of presentation: 14.7 years, range: 5e19Group 2 p
Age > 20 y
n Z 64
24.97  4.38
(age range Z 20e40)
d
173.92  6.03 <0.001
59 (92%):5 (8%) 0.228
4.27  1.13 0.147
3.47  0.77 0.603
5.13  0.83 0.601
p 1 (173.92 vs. 162.2 cm, p < 0.001). The data shown in Table 1d
no significant differences between the two groups. HI Z Haller
Table 2 The coefficients of variation
Group 1 Group 2
Age  20 y Age > 20 y
(n Z 45) (n Z 64)
HI 0.29 0.26
Preoperative SI 0.24 0.22
Comparison of the coefficients of variation between the HI and
preoperative SI values for the two groups. Both groups showed
a lower coefficient of variation for the preoperative SI
compared with the HI, indicating that the preoperative SI was
less variable than the HI, irrespective of the patient’s age.
HI Z Haller index; SI Z sternum index.
Table 4 Multiple linear regression analyses among the
patients aged  20 years old (Group 1)
Variables Slope  SD 95% CI p
Preoperative SI 1.18  0.20 1.58w0.79 <0.001
Age 0.05  0.04 0.12w0.31 0.234
Sex (M:F) 0.63  0.42 1.49w0.22 0.143
R2 Z 0.736
Multiple linear regression analyses in patients aged  20 years
old. The data demonstrated that the preoperative SI was a good
predictor of the HI in Group 1, after standardizing sex and age
factors.
CIZ confidence interval; HIZ Haller index SIZ sternum index;
HI Z Haller index.
A method to measure the severity of pectus excavatum 183years) and 12 were females (11.1%; mean age at time of
presentation: 25.0 years, range: 20e40 years). Group 1
(age: 20 years) included 45 patients (41.3%), and Group 2
(age: >20 years) comprised 64 patients (58.7%). The
patients from Group 2 were significantly taller than those in
Group 1 (173.9 cm vs. 162.2 cm, p < 0.001). The data shown
in Table 1, including the HI, pre- and postoperative SIs,
show no significant differences between the two groups.
Table 2 shows a comparison of the coefficients of variation
between the HI and preoperative SI values for the two
groups. Both groups displayed a lower coefficient of varia-
tion for the preoperative SI compared with the HI, indi-
cating that the preoperative SI was less variable than the
HI, irrespective of the patient’s age. Table 3 shows Pear-
son’s correlation coefficients between the preoperative SI
and HI values for the two groups; a good correlation is
noted between these two indices for both groups (Group 1:
0.695; Group 2: e0.723; p < 0.001 for both). Tables 4
and 5 show the results of multiple linear regression anal-
yses among the two groups. The data demonstrated that
the preoperative SI was a good predictor of the HI in both
groups, after standardizing sex and age factors (Group 1:
R2Z 0.736, p < 0.001 and Group 2: R2Z 0.734, p < 0.001).
Table 6 shows that the postoperative SI value was signifi-
cantly greater than the preoperative SI value (pre-
operative:postoperative values Z 3.4:5.1, p < 0.001),
indicating that the SI could not only be used as an alter-
native to the HI preoperatively but also postoperatively for
evaluating the efficacy of surgery.Table 3 Pearson’s correlation coefficients
Variables Group 1
Age  20 y
(n Z 45)
HI Preoperative SI p
HI 1 <
Preoperative SI 0.695 1
Pearson’s correlation coefficients between the preoperative SI and H
between these two indices for both groups (Group 1: 0.695; Group
HI Z Haller index; SI Z sternum index.4. Discussion
PE is one of the most common deformities of the anterior
chest wall, with an incidence of 23 per 10,000 live births.4
PE is characterized by a depression of the sternum, typi-
cally starting at the midportion of the manubrium and
progressing inward through the xiphoid process. It is more
common in males than in females. A CT scan of the chest is
the gold standard tool for determining the severity of the
pectus defect accurately; it has been used to determine
whether surgery is necessary or not. The pectus severity
index (PSI), also known as the HI, calculates the depth of
the pectus defect by comparing the ratio of the lateral
diameter of the chest to the distance between the sternum
and spine at the point of maximal depression.2 A normal
chest has an average PSI of 2.55; patients with a PSI of
>3.25 are considered candidates for surgery. Several scales
have been proposed for determining the degree of the
deformity of PE. HI is calculated using CT, which is associ-
ated with a large dose of radiation exposure and children
are much more radiosensitive than adults.6 In order to solve
this problem, we attempted to develop a simple tool for
replacing the HI. We defined the SI, which was calculated
on the basis of the anteroposterior diameter of the chest
divided by the patient’s height. This ratio reflects the
proportion of the anteroposterior diameter compared with
the general length of the body, i.e., it represents the
severity of the depression and only a lateral view of the
chest X-ray is needed. We observed a correlation betweenGroup 2
Age > 20 y
(n Z 64)
HI Preoperative SI p
0.001 1 <0.001
0.723 1
I values for the two groups are shown; good correlation is noted
2: 0.723; p < 0.001 for both).
Table 5 Multiple linear regression analyses among the
patients >20 year old (Group 2)
Variables Slope  SD 95% CI p
Preoperative SI 1.11  0.14 1.40w-0.83 <0.001
Age 0.05  0.02 0.15w0.08 0.177
Sex (M:F) 0.16  0.41 0.65w0.97 0.690
R2 Z 0.734
Multiple linear regression analyses in patients aged > 20 years
old. The data demonstrated that the preoperative SI was a good
predictor of the HI in Group 2, after standardizing sex and age
factors.
CIZ confidence interval; HIZ Haller index SIZ sternum index;
HI Z Haller index.
184 W.-T. Liu et al.the SI and the HI and discovered that the SI is a valuable
alternative to the HI for evaluating the severity of PE.
As the SI was based on height, we classified patients into
two groups based on an age cut-off of 20 years (as the
patient may grow rapidly before this age), with the height
remaining almost constant after this age. Therefore, the SI
may vary among different age groups. It was important to
evaluate the relationship between the sternum and Haller
indices at different ages. As shown in Table 1, for the two
age groups (one group consisting of patients <20 years old
and the other consisting of patients 20 years), the only
significant difference in the patient characteristics was in
height (p < 0.001). The sex ratio, HI, and pre- and post-
operative SI values revealed no significant differences.
Upon comparison (Table 2), the coefficients of variation for
the preoperative SI in both groups were smaller than that
for the HI, indicating that the HI showed greater variability
than the SI. This is probably because, when calculating the
HI, both the transverse and anterioposterior diameters
need to be measured using manual calculations rather than
being based on computerized measurements. Noncomput-
erized calculations lead to greater errors than computer-
ized measurements. In contrast, when calculating the SI,
the physician only needs to measure the anterio-posterior
diameter at the point of maximal depression using
a lateral chest X-ray. The patient’s height was calculated
using an electronic height scale, thus eliminating human
error and resulting in lower variability.
Table 3 describes the Pearson’s correlation, which shows
a good relationship between the preoperative SI and the HI
in both groups. In Tables 4 and 5, we adjusted age and sexTable 6 Comparison of pre- and postoperative sternum
index (SI)
Preoperative SI Postoperative SI p*
Average 3.432932 5.095841 <0.001
SD 0.787232 0.855436
The postoperative SI value was significantly greater than the
preoperative SI value (preoperative:postoperative Z 3.4:5.1,
p < 0.001), indicating that the SI could not only be used as an
alternative to the HI preoperatively, but also for postoperative
evaluation of the efficacy of surgery.
SD Z standard deviation; SI Z sternum index.
* Paired t-test.factors to eliminate any related effect on the outcome; the
preoperative SI consistently remained a good predictor of
the HI in both groups after standardizing for sex and age.
We thus confirmed a high degree of similarity between the
HI and preoperative SI, implying that the preoperative SI
could be as reliable as the HI. Finally, we also noted that
the postoperative SI was significantly greater than the
preoperative value, as shown in Table 6. Thus, if a clinician
needs to evaluate the efficacy of the surgery, only a chest
X-ray in the lateral position needs to be observed with
subsequent calculation of the postoperative SI, rather than
repeated CT.
In our series of 109 patients with PE, we demonstrated
that the preoperative SI was, for all practical purposes,
equivalent to the HI. The replacement of the HI by the
preoperative SI could avoid unnecessary exposure to
ionizing radiation, especially for children. This is of great
concern because of the known long-term side effects of
radiation exposure at an early age.7
In addition to SI, there are also some methods for eval-
uating PE without using CT scans. Khanna et al8 suggest that
a CT of the chest is not required for preoperative evaluation
of PE and a two-view chest radiograph is sufficient for
preoperative imaging. They pronounced that radiographic
HI correlates strongly with CT HI, has good interobserver
correlation, and has a high diagnostic accuracy for preop-
erative evaluation of PE. Rebeis et al9 designed an
anthropometric index that allows rapid and objective
quantification of the deformity and, even more impor-
tantly, of the postoperative results. All of the indices
provide safe methods and help decrease the radiation
exposure to young adults and children as a result of
preoperative evaluation of PE.
Aside from the inherent limitations of the retrospective
nature of the study, our study had certain limitations.
Normal values for the SI are not available because it is
a newly defined index for which no previous standardized
value has been developed. In our study, the preoperative SI
of our patients ranged from 1.37 to 5.54. One of the
patients in our study had a HI value of 3.32 (w3.25, an
indicator for surgery), but a preoperative SI value of 4.77.
Thus, patients with a preoperative SI value of 4.77 may be
considered as candidates for surgery. Furthermore, the
small sample size (109 patients) limits the generalizability
of the results. Further, large-scale studies are needed for
precisely defining the standard value of the SI for different
racial and age groups in the future.5. Conclusion
Our results demonstrated a high degree of similarity
between the HI and SI values, implying that the SI could be
an excellent alternative to the HI. Furthermore, the SI
could be used not only for evaluating the severity of PE
before surgery, but also for assessing the efficacy of the
surgery. Most importantly, when calculating the SI, only
a lateral view of the chest X-ray is needed instead of a CT
scan, or an additional posteroanterior view of the chest
film. Thus, the SI will lead to significantly lower radiation
exposure. We therefore consider that the SI can play an
important role in the management of patients with PE.
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